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TITLE OF THE INVENTION 

SAMPLE HEATING APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to a sample heating 
apparatus, and more particularly, to a sample heating 
apparatus used in pretreatment of halogen analysis, which 
has a simplified structure and is capable of supplying a 
sufficient amount of water vapor. 

Upon the analysis of halogens contained in a sample, 
the sample is heat-decomposed in the presence of water to 
absorb the halogens in a water medium in the form of 
hydrogen halide, and the halogen-absorbed water medium is 
subjected to ion chromatography, volumetric titration or 
absorptiometry to measure the halogen concentration in the 
sample. The method for heat-decomposing the sample varies 
depending upon kind of the sample used. In the case of 
organic samples, it is required to combustion-decompose the 
sample in the presence of oxygen. Whereas, in the case of 
inorganic samples, the combustion-decomposition of the 
sample is not required, and rather the sample can be 
sufficiently treated by thermal hydrolysis. 

Upon the heat-decomposition of the sample, there has 
been used a sample heating apparatus for pretreatment of 
the halogen analysis, which includes a reaction tube which 
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is heatable by a heater from an outer peripheral side 
thereof, and a sample-supplying boat which is inserted into 
the reaction tube from a base end thereof. As the heating 
apparatus used for combustion-decompositi on of the organic 
samples, there is known a sample combustion apparatus in 
which a sample supported on the boat within the reaction 
tube is heated by a heating means while supplying oxygen 
into the reaction tube (Japanese Patent Application No. 8- 
262000(1996)). Also, as the heating apparatus for 
hydrolysis of the inorganic samples, there is known a 
thermal hydrolysis apparatus of such a type in which water 
vapor generated by heating water received in a flask is 
entrained on a carrier gas and fed into the reaction tube 
(JIS K2541-1996, Fig. 12 "Testing Device of Combustion Tube 
Type Using Oxygen Method"; and JIS H1698-1976, Attached 
Figs. 1-1 and 1-2 "Thermal Hydrolysis Apparatus". 

In order to enhance an accuracy of the halogen 
analysis, it is important to increase a recovery percentage 
of hydrogen halide absorbed in an absorbing solution after 
decomposition of the sample as highly as possible. Thus, 
in both the cases of the hydrolysis of the inorganic 
samples and the combustion-decomposition of the organic 
samples, it is effective to supply a sufficient amount of 
water vapor to the reaction tube. 

However, in the conventional apparatuses of a water- 
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introducing type such as the above thermal hydrolysis 
apparatus, it is required to provide a heating means for 
generating the water vapor as well as a flow passage for 
supplying the generated water vapor from the flask as a 
water vapor generating means to the reaction tube, 
resulting in complicated structure thereof. Further, in 
order to introduce a sufficient amount of water vapor into 
the reaction tube without condensation thereof, it is 
necessary to sufficiently heat-insulating the flow passage 
to prevent condensation of the water vapor therein. 
However, it will be actually difficult to keep all of 
conduits and connecting portions of the apparatus at a 
temperature of not less than 100^. In addition, in the 
apparatus of the above type, the amount of water vapor 
generated is limited to an approximately constant level. 
Therefore, when samples having a high halogen concentration 
are to be treated by the apparatus, there tends to arise 
such a problem that a sufficient amount of the water vapor 
cannot be supplied thereto. 

SUMMARY OF THE INVENTION 

In view of the above problems, an object of the 
present invention is to provide a sample heating apparatus 
used in pretreatment of halogen analysis, which has a 
simplified structure and is capable of supplying a 
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sufficient amount of water vapor without condensation 
thereof . 

According to the present invention, a heating means 
having an inherent function for heating a sample is 
usefully used to generate water vapor in close proximity to 
a reaction tube by heat inertia thereof and immediately 
introduce the thus generated water vapor into a sample 
heating zone within the reaction tube. With this 
arrangement, the apparatus of the present invention has a 
simplified structure and is capable of supplying a 
sufficient amount of water vapor into the reaction tube 
without condensation thereof. 

The present invention includes a first embodiment 
using no oxygen upon heating, and a second embodiment using 
oxygen. In the first embodiment of the present invention, 
there is provided a sample heating apparatus used in 
pretreatment of halogen analysis, in which the sample is 
heat-decomposed in the presence of water to absorb halogens 
contained in the sample into a water medium in the form of 
hydrogen halide, the said sample heating apparatus 
comprising a reaction tube which is capable of being heated 
by a heating means from an outer peripheral side thereof; a 
sample- supplying boat which is inserted into the reaction 
tube from a base end thereof; and a water vapor generator 
of a jacket structure disposed on an outer periphery of the 
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reaction tube which is capable of being supplied with water 
and generating water vapor by heat inertia of the heating 
means, wherein said reaction tube is provided on its wall 
portion surrounded by the water vapor generator, with a 
hole for introducing the water vapor generated in the water 
vapor generator into the reaction tube. 

In addition, in the second embodiment of the present 
invention, there is provided a sample heating apparatus 
used in pretreatment of halogen analysis, in which a sample 
is heat-decomposed in the presence of water to absorb 
halogens contained in the sample into a water medium in the 
form of hydrogen halide, the said sample heating apparatus 
comprising an outer tube which is capable of being supplied 
with oxygen and being heated by a heating means from an 
outer peripheral side thereof; an inner tube which is 
capable of being supplied with a carrier gas, and is 
inserted into the outer tube from a base end thereof; a 
sample- supplying boat which is inserted into the inner tube 
from a base end thereof; and a water vapor generator of a 
jacket structure disposed on an outer periphery of the 
inner tube at a position approximately corresponding to a 
base end portion of the outer tube which is capable of 
being supplied with water and generating water vapor by 
heat inertia of the heating means, wherein said inner tube 
is provided on its wall portion surrounded by the water 


6 


vapor generator, with a hole for introducing the water 
vapor generated in the water vapor generator into the inner 
tube . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side view, partially broken away, of 
essential parts of an example of a sample heating apparatus 
according to the present invention. 

Fig. 2 is a side view of a whole structure of the 
sample heating apparatus which is partially illustrated by 
a flow diagram. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The sample heating apparatus according to the present 
invention is explained with reference to the accompanying 
drawings. Fig. 1 shows a side view, partially broken away, 
of essential parts of an example of a sample heating 
apparatus according to the present invention. Fig. 2 shows 
a side view of a whole structure of the sample heating 
apparatus which is partially illustrated by a flow diagram. 

The sample heating apparatus of the present invention 
is used in pretreatment of halogen analysis, in which a 
sample is heat-decomposed in the presence of water to 
absorb halogens contained in the sample, such as fluorine, 
chlorine, bromine and iodine into a water medium 
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(hereinafter properly referred to as "absorbing solution") 
in the form of hydrogen halide. The sample heating 
apparatus of the present invention is applied to analysis 
of various organic and inorganic samples such as medicines, 
agricultural chemicals, organic synthetic products, 
petroleum-based products and resins. The present invention 
is exemplified by two embodiments, i.e., the first 
embodiment applied to the case where the sample is 
hydrolyzed without supply of oxygen, and the second 
embodiment applied to the case where the sample is 
combustion-decomposed while supplying oxygen thereto. 

The sample heating apparatus according to the first 
embodiment of the present invention includes a reaction 
tube capable of being heated by a heating means from an 
outer peripheral side thereof, and a sample- supplying boat 
being inserted into the reaction tube from a base end 
thereof, and further includes a water vapor generator of a 
jacket structure disposed on an outer periphery of the 
reaction tube which is capable of generating water vapor by 
heat inertia of the heating means, the reaction tube being 
provided on its wall portion surrounded by the water vapor 
generator, with a hole for introducing the water vapor 
generated in the water vapor generator into the reaction 
tube. The above sample heating apparatus according to the 
first embodiment of the present invention has substantially 
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the same structure as that according to the below-mentioned 
second embodiment of the present invention except that the 
reaction tube of the first embodiment is constituted by 
merely one tube corresponding to the inner tube of the 
second embodiment. In the following descriptions, the 
present invention is described in detail with respect to 
the second embodiment . 

As shown in Fig. 1, the sample heating apparatus 
according to the second embodiment of the present invention 
includes an outer tube (1) which is capable of being 
supplied with oxygen and being heated by a heating means 

(2) from an outer peripheral side thereof, an inner tube 

(3) which is capable of being supplied with a carrier gas 
and is inserted into the outer tube from a base end thereof, 
and a sample- supplying boat (4) which is inserted into the 
inner tube from a base end thereof. Namely, in the sample 
heating apparatus shown in Fig. 1, the reaction tube is 
constituted by the outer tube (1) and the inner tube (3) . 
Usually, all of the outer tube (1) , the inner tube (3) and 
the boat (4) as well as the below-mentioned oxygen feed 
port (12), sample gas exhaust port (16), water vapor 
generator (5) and water feed port (55) may be made of 
quartz . 

The outer tube (1) is an elongated tube for forming 
an oxygen atmosphere therein. The outer tube (1) has a 
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base end portion (right side end portion as viewed in 
figures) opened with a so-called flare shape which is 
gradually increased in its diameter towards a distal end 
thereof, such that the water vapor generator (5) can be 
fitted thereto. The outer tube (1) has an inner diameter 
of about 2 5 to 3 5 mm and a length of about 2 00 to 400 mm. 

The outer tube (1) is provided with an oxygen feed 
port (12) of a capillary shape for supplying oxygen into 
the outer tube (1) at the boundary between the flared base 
end portion and a straight tube portion. The oxygen feed 
port (12) is connected with a flow passage (92) (refer to 
Fig. 2) extending from an oxygen container. The flow 
amount of oxygen supplied through the flow passage (92) is 
controlled by a flow rate controller (not shown) . Also, 
the outer tube (1) is provided at its tip end with a sample 
gas exhaust port (16) of a capillary shape for discharging 
a combustion gas generated in the outer tube therefrom. 
The sample gas exhaust port (16) is connected with a flow 
passage (96) extending up to an absorption tube (9) (refer 
to Fig. 2). The tip end portion of the outer tube (1) is 
filled with quartz cotton (6) . 

The heating means (2) may be usually constituted by 
an electric furnace (cylindrical heater) in order to 
sufficiently heat the sample for a short period of time. 
More specifically, the sample heating apparatus has such a 
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structure that the outer tube (1) is inserted into a 
cylindrical electric furnace. The electric furnace usable 
in the present invention may have an output power of about 
0.7 to 5 kW. Meanwhile, it is not necessarily required to 
cover a whole length of the outer tube (1) with the heating 
means (2) . As shown in Fig. 1, sufficient heating will be 
possible if merely the straight tube portion of the outer 
tube except for its flared base end portion is covered by 
the heating means . 

The inner tube (3) is an elongated tube for 
introducing the gas produced by heat-decomposition of the 
sample into the outer tube (1) . The opened tip end (left 
side end as viewed in figures) of the inner tube (3) is 
inserted into the outer tube until reaching an 
approximately mid position of length of the outer tube for 
promoting combustion of the gas produced. The inner tube 
(3) has an inner diameter of about 10 to 2 0 mm and a length 
of about 200 to 300 mm. 

The portion of the inner tube (3) which is not 
inserted into the outer tube (1) is exposed outside from 
the outer tube (1) as shown in Fig. 2. The base end 
portion of the inner tube (3) is connected with the flow 
passage (91) extending from a carrier gas container for 
supplying the carrier gas into the inner tube (3) through 
the flow passage (91) . The flow amount of the carrier gas 
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supplied through the flow passage (91) is controlled by a 
flow rate controller (not shown). Also, the inner tube (3) 
is provided at its approximately mid position with a sample 
feed port (33) . The sample feed port (33) has such a 
structure including an opening formed at a portion of the 
inner tube (3) and a casing with a lid which covers an 
outer periphery of the portion of the inner tube (3) . 

The carrier gas supplied into the inner tube (3) 
serves not only for introducing the decomposed gas 
generated from the sample into the outer tube (1) , but also 
for smoothly discharging the combustion gas through the 
sample gas exhaust port (16) (refer to Fig. 1) to the 
absorption tube (9) . As the carrier gas, there may be used 
gases that are inert to the reaction, for example, rare 
gases such as argon. 

The sample- supplying boat (4) may be in the form of a 
small dish which is reciprocally movable within the inner 
tube (3) between the sample feed port (33) and the position 
near the tip end of the inner tube (3) while supporting the 
sample thereon. The sample- supplying boat (4) may have, 
for example, a shallow flat elongated box shape. As shown 
in Fig. 1, the boat (4) is fitted to the tip end of an 
operating rod (4r) , and as shown in Fig. 2, the boat (4) is 
reciprocally moved by actuating the operating rod (4r) by a 
boat controller (7) . 
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More specifically, the base end of the operating rod 
(4r) is connected to a short cylindrical metal piece 
loosely fitted to an inner periphery of the inner tube (3) . 
On an outer periphery of the inner tube (3), there is 
disposed a movable member (73) which is constituted from a 
ring-shaped magnet or electromagnet loosely engaged on the 
outer periphery of the inner tube (3) and linearly moved by 
a driving mechanism of a boat controller (7) , for example, 
such a driving mechanism constituted by servo motor, rack 
mechanism, etc. Thus, the operating rod (4r) is moved 
within the inner tube (3) while following the movement of 
the movable member (73) . 

In the present invention, in order to supply a 
sufficient amount of water vapor into the inner tube (3), 
as shown in Fig. 1, a water vapor generator (5) of a jacket 
structure, which is capable of being supplied with water 
and generating water vapor by heat inertia of the heating 
means (2) is disposed on an outer periphery of the inner 
tube (3) at a position approximately corresponding to the 
base end portion of the outer tube (1) . Further, the inner 
tube (3) is provided at its wall portion surrounded by the 
water vapor generator (5), with a hole (3c) for introducing 
the water vapor generated, into the inner tube (3). 

The water vapor generator (5) is in the form of a 
casing member having a barrel outer shape which surrounds 
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the outer periphery of the inner tube (3), and has such a 
function of storing water and generating water vapor 
therein. A substantial front half of the water vapor 
generator (5) (left half as viewed in figures) has a 
tapered outer peripheral surface that is gradually reduced 
in its diameter towards the tip end of the inner tube (3) . 
With this structure, when the inner tube (3) with the water 
vapor generator (5) is inserted into the outer tube (1) 
from the base end portion thereof, the tapered outer 
peripheral surface of the water vapor generator (5) comes 
into close engagement with the flared based end portion of 
the outer tube (1) . More specifically, the inner tube (3) 
equipped with the water vapor generator (5) is detachably 
mounted to the outer tube (1) by fitting the water vapor 
generator (5) into the base end portion of the outer tube 
(1) . This detachable structure of the apparatus allows the 
quartz cotton (6) to be readily removed from the outer tube, 
and further facilitates maintenance and control of the 
apparatus such as cleaning. 

The water vapor generator (5) is provided, for 
example, on a rear end side thereof (right side as viewed 
in figures) with a capillary-shaped water feed port (55) 
which is connected with a flow passage (95) for supplying 
water entrained on the carrier gas such as argon into the 
water vapor generator (5) . As shown in Fig. 2, the flow 
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passage (95) extends from a carrier gas supply source 
(carrier gas container) and is capable of introducing water 
sucked up from a water container (93) into the water vapor 
generator by a constant delivery pump (94) . Meanwhile, the 
flow amount of the carrier gas supplied through the flow 
passage (91) is controlled by a flow rate controller (not 
shown) . In addition, in order to generate a sufficient 
amount of water vapor, an inside volume of the water vapor 
generator (5) is usually about 5 to 3 0 cm 3 . 

As shown in Fig. 1, the hole (3c) is usually formed 
on an upper surface of the horizontally disposed inner tube 
(3) so as to prevent water received within the water vapor 
generator (5) from directly entering into the inner tube 
(3) . The hole (3c) has a diameter of usually about 1 to 8 
mm. Since the hole (3c) formed on the inner tube (3) is 
disposed within the water vapor generator (5) , it is 
possible to immediately introduce the generated water vapor 
into the reaction zone. Meanwhile, the position 
approximately corresponding to the base end portion of the 
outer tube (1) , where the water vapor generator (5) is 
arranged, includes such a region capable of evaporating a 
sufficient amount of water received in the water vapor 
generator (5) by heat inertia of the heating means (2) . 

Also, in the sample heating apparatus of the present 
invention, as shown in Fig. 2, the outer tube (1) is 
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connected at its tip end to an absorption tube (9) 
containing an absorbing soluti on through a flow passage 
(96) in order to promote combustion (decomposition) of the 
sample and capture hydrogen halide contained in the 
combustion gas (decomposed gas) . The flow passage (96) 
disposed between the outer tube (1) and the absorption tube 
(9) is filled with an anticorrosive filler for condensing 
the water vapor. 

More specifically, a trap column (8) is interposed in 
the flow passage (96), and the filler is filled in the trap 
column (8) . Examples of the above filler may include 
polymer particles, ceramic particles, glass particles or 
fibers made of these materials. Further, membrane filters 
and the like may be used instead of these particles or 
fibers. The trap column (8) has an inside volume of 
usually about 0 . 5 to 3 cm 3 . Further, the flow passage (96) 
is connected at its upstream side with a flow passage (97) 
through which a cleaning solution having the same 
composition as that of the absorbing solution is introduced, 
in order to collect the water condensed in the trap column 
(8) on the side of the absorption tube (9) . When the 
sample gas exhaust port (16) is closed, the cleaning 
solution can be introduced from the flow passage (97) into 
the trap column (8) . 

Upon the treatment using the sample heating apparatus 
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of the present invention, the boat (4) held at a stand-by 
position just below the sample feed port (33) is first 
supplied with the sample, and then moved towards the tip 
end of the inner tube (3) by the boat controller (7) . Next, 
argon as the carrier gas is supplied at a constant flow 
rate into the inner tube (3), and oxygen used for 
combustion of the sample is supplied at a constant flow 
rate into the outer tube (1) . In addition, the outer tube 
(1) and the inner tube (3) are heated to a predetermined 
temperature by the heating means (2) . Then, the carrier 
gas containing water is supplied at a constant flow rate 
through the flow passage (95) into the water vapor 
generator (5) . 

The flow rates of the above gaseous components 
supplied may vary depending upon kind and amount of the 
sample to be treated. For example, when 5 0 pi of a toluene 
solution containing dinitrobenzene is treated as the sample, 
argon is supplied at a flow rate of 150 ml/min through the 
flow passage (91) into the inner tube (3) by appropriately 
setting the flow rate controller, and oxygen is supplied at 
a flow rate of 500 ml/min through the flow passage (92) 
into the outer tube (1) . In addition, while supplying 
argon at a flow rate of 2 00 ml/min through the flow passage 
(95) into the water vapor generator (5), water entrained on 
the argon is also supplied at a flow rate of 0.2 ml/min 
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into the water vapor generator (5) by appropriately 
controlling the constant delivery pump (94) . Also, the 
temperature of the heating furnace as the heating means (2) 
is set to the range of 900 to 1,000^C. 

In the sample heating apparatus of the present 
invention, the sample inserted into the inner tube (3) is 
heat-decomposed therewithin, and the resultant decomposed 
gas is discharged by the carrier gas from the inner tube 
(3) into the outer tube (1). At this time, the water vapor 
produced in the water vapor generator (5) is introduced 
into the inner tube (3) and discharged together with the 
decomposed gas into the outer tube (1). More specifically, 
the water vapor generator (5) has such a function for 
temporarily storing water supplied, generating water vapor 
by heat inertia of the heating means (2), and allowing the 
water vapor generated therein to enter into the inner tube 
(3) through the hole (3c) formed on the wall of the inner 
tube (3) . As a result, the gases produced by heat- 
decomposition of the sample are combusted in the presence 
of the water vapor within the outer tube (1) . 

The combustion gas generated in the outer tube (1) is 
discharged therefrom, and then passed through the flow 
passage (96) and the trap column (8) . At this time, the 
hydrogen halide-containing water contained in the 
combustion gas is captured by the filler filled in the trap 


18 


column (8) . Further, the combustion gas passed through the 
trap column (8) is introduced into the absorption tube (9) 
to absorb hydrogen halide in the absorbing solution stored 
therein. The water captured in the trap column (8) is 
collected and passed into the absorption tube (9) by the 
cleaning procedure using the cleaning solution. The 
resultant absorbing solution is analyzed by a suitable 
analyzer. In the case of the above treatment, as the 
absorbing solution, there may be used, for example, a 
solution prepared by adding 3 0 ppm of hydrogen peroxide and 
0.5 ppm of phosphoric acid to an eluent for ion 
chromatography . 

As describe above, in the sample heating apparatus of 
the present invention, water vapor is generated in the 
water vapor generator (5) in close proximity to the inner 
tube (3) (reaction tube) by heat inertia of the heating 
means (2), and then immediately introduced into the sample 
heating zone within the inner tube (3) (reaction tube) 
through the hole (3c) of the inner tube (3) (reaction tube). 
Therefore, the sample heating apparatus of the present 
invention is simplified in structure as compared to the 
conventional apparatuses in which water vapor separately 
generated is introduced thereinto through conduits. In 
addition, since the water vapor generated is immediately 
introduced into the sample heating zone within the inner 
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tube (3) (reaction tube), a sufficient amount of water 
vapor can be supplied without condensation thereof. 
Further, the sample heating apparatus of the present 
invention requires no separate heating means for generation 
of water vapor unlike conventional ones, resulting in 
further reduction in production costs therefor. 

Furthermore, in the conventional apparatuses, a 
plurality of absorption tubes are connected in series with 
each other, and absorbing solutions of the respective 
absorption tubes are collected in a common position, 
resulting in complicated structure and difficult automation 
thereof as well as large analysis errors due to poor 
procedure for collection of the absorbing solutions . On 
the other hand, in the present invention, since the trap 
column (8) is disposed on a front side of the absorption 
tube (9), it is possible to finally collect and absorb 
hydrogen halide contained in the combustion gas (decomposed 
gas) in the absorbing solution stored in the absorption 
tube (9) in an extremely simplified manner. More 
specifically, in the present invention, since an inside of 
the apparatus is always kept under a wet condition by the 
condensed water and the hydrogen halide is passed through 
the filler having a small porosity, the contact efficiency 
can be kept high, thereby further ensuring recovery of the 
hydrogen halide. 
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Meanwhile, the sample heating apparatus of the 
present invention can be applied to not only the 
pretreatment of halogen analysis, but also pretreatment of 
sulfur analysis. In addition, the apparatus of the present 
invention can also be applied to the pretreatment of 
simultaneous halogen and sulfur analysis by appropriately 
selecting a suitable absorbing solution. 

As described above, in the sample heating apparatus 
according to the present invention, since water vapor is 
generated in the water vapor generator in close proximity 
to the reaction tube by heat inertia of the heating means, 
and then immediately introduced into the sample heating 
zone within the reaction tube through the hole formed on 
the reaction tube, it is possible to extremely simplify the 
structure thereof and supply a sufficient amount of water 
vapor without condensation thereof. 


